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The Earth’s Climate System
Ø Light from the Sun is absorbed by land

and water, and is converted to heat.
Ø Some heat is emitted back into space
as radiant heat, just as heat is radiated
from hot pavement on a July day.
Ø Some of this radiant heat is absorbed
by water vapor and clouds, carbon
dioxide, and other trace atmospheric
gases.

The Earth’s Climate System
Ø These gases act like the glass

windows in a car creating the “hot
car” effect.
Ø The natural presence of the gases
has given the earth a temperature
suitable for life
Ø We are drastically increasing many of
those gases and the planetary
temperature.

The one constant of climate
has been change by natural
forces.
What is new is that human
activities are altering the
composition of the
atmosphere, the face of the
land, and the climate system.

What natural forces affect the
climate system?
Ø Natural

fluctuations in the sun’s intensity
Ø The complex motion of the earth around
the sun
Ø Volcanic eruptions
Ø Changes in ocean currents
Ø Shorter-term cycles like El Nino

What human activities are
affecting climate?
Ø Carbon dioxide from fossil fuels release

about 6 billion tons of carbon each year to
the atmosphere
Ø Change in land use and land cover
release another 1 billion tons of carbon
plus other gases
Ø Gases from agriculture, livestock and
industry add the equivalent of 3 b tons

What is the evidence for human
caused climate change?
Ø Direct measurement of changes in

atmospheric composition
Ø Direct measurement of temperatures
Ø Direct measurement of precipitation and
other climate indicators
Ø Direct measurement of shifts in species
Ø Paleoclimate records
Ø Climate model verification
Ø Testing models with other planet climates

How much have we changed
the Atmosphere?
Ø Atmospheric carbon dioxide

concentrations have increased by nearly
32%
Ø Methane from agriculture, livestock,
landfills and industry have increased by
133%
Ø Nitrous oxide from agriculture and
industry has increased by 15%
Ø New industrial gases have been added

Paleoclimate and other
bio- and geological data
Ø Tree rings, coral reefs and lake and

ocean sediments reveal climate and
other changes in the past
Ø “Fossil air” from deep ice cores that
go back 420,000 years

Looking to the Future
Ø What

will happen to concentrations of
climate altering gases such as carbon
dioxide if we fail to act?
Ø What will happen to planetary
temperatures if we fail to act?

What are the impacts of
climate change on freshwater
systems?
Ø
Ø
Ø

Ø

Increased temperature of streams, lakes and
ponds
Altered precipitation patterns with more rain and
drought
In NE a change in timing of run off and ground
water recharge as snow quantity and seasonality
shift
Boston area already noted increase in “100 year”
flood frequency by factor of 2.5 and enlargement of
floodplains in past 100 years (CLIMB)

Sea Level Rise and Coastal
Salt Intrusion of Groundwater
Ø Rising
l
l
l

sea level

already 4” - 8” in last century
potential for 15 feet of rise
Intrusion of salt water into coastal aquifers
and eventually ponds

Climate Effects on Aquatic
Life of Life
Ø

Ø

Ø
Ø

Temperature rise of streams and ponds will have both
thermal effects on species composition and lead to lower
oxygen concentrations
Rivers that are used for power plant or industrial cooling
will have less cooling capacity (already noted in heat
spikes) and will be less habitable for some species
Warmer waters in winter may change wildlife migration
patterns
Warmer waters may harbor new water borne diseases
and their insect vectors that affect wildlife and people

The Climate of Maine could
be like that of New Jersey by
2050 and like that of North
Carolina by 2100

Lag Times

Who is working to make
reductions?
Ø
Ø

Ø

Ø

186 nations including the US have ratified the
UN Framework Convention on Climate Change.
120 nations have ratified the Kyoto Protocol
including all of western Europe and Japan,China
and many other developing nations. The US
has announced its withdrawal from this treaty.
The Kyoto Protocol commits all nations to
specific actions including emission reductions by
most industrial countries.
Once Russia ratifies, the Kyoto Protocol will
enter into force. This is not likely.

The Goal of the Convention
on Climate Change
Article 2
The ultimate objective of this Convention and any related
legal instruments …is to achieve… stabilization of
greenhouse gas concentrations in the atmosphere at
a level that would prevent dangerous anthropogenic
interference with the climate system.
Such a level should be achieved within a time-frame
sufficient to allow ecosystems to adapt naturally to
climate change, to ensure that food production is not
threatened and to enable economic development to
proceed in a sustainable manner.

What can be done in the
absence of national policies?
Implementation without Ratification

Ø State governments, municipalities,

corporations,faith based groups and
civil society must take action to lower
climate altering gas emissions

New England and North East
Policy Goals
Ø

Ø
Ø

New England Governors and Eastern Canadian
Premiers have set greenhouse gas reduction
goals of
stabilization at 1990 levels by 2010
reduction by 10% by 2020
eventual reduction by 75 -85%
New York has set specific goals and called upon
NE to act together
New Jersey has called for a 3.5% reduction goal
by 2005

New England and North East
Policy Implementation
Ø Massachusetts

and NH have implemented
reductions on CO2 from Power Plants
Ø Several NE states have announced
energy efficient climate protection
purchasing requirements and building
standards
Ø Many NE cities and towns have developed
climate action plans under Cities for
Climate Protection Program of ICLEI

Need a Long Term Goal to Set
Short Term Priorities
Ø

Ø

Ø

To keep climate altering gases from increasing
at projected rates, and then decrease them
requires cuts in emissions over the 21st century
of 75-85% as called for the Governors and
Premiers. European governments are acting too
To restructure our energy system to that degree
requires that each new building, or power plant
that is built today must meet new standards of
efficiency.
Each vehicle, computer or appliance must be
significantly more efficient than the one it
replaces.

Important Climate Websites
Ø
Ø
Ø
Ø
Ø

Environmental Protection Agency
http://www.epa.gov/globalwarming
Oak Ridge National Laboratory
http://cdiac.esd.ornl.gov
Intergovernmental Panel on Climate Change
http://www.ipcc.ch/
Tufts University http://www.tufts.edu/tci
Clean Air Cool Planet
http://www.cleanair-coolplanet.org/

